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(54) SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To increase operation speed of 
a synchronous DRAM, etc., and a system including this and to 
reduce power consumption by improving an output phase 
synchronous characteristic of a synchronous DRAM and the 
like having a double data rate mode and provided with a DLL 
circuit, and reducing its current consumption. 
SOLUTION: A dummy unit output buffer and a dummy unit 
input buffer of a dummy delay circuit DDL included in a DLL 
circuit DLL are not imitated by a simple type delay circuit, 
they have circuit constitution which is substantially same as a 
regular data output buffer and a clock buffer CB and can trim 
a delay time. Also, the dummy unit input buffer of the DLL 
circuit DLL is replaced by a clocked inverter having a delay 
characteristic being substantially same as a differential 
amplifier circuit DAI of the clock buffer CB and requiring no 
steady operation current, while frequency dividing circuits 
DIVl and DIV2 are provided respectively at preceding stages 
of a phase comparing circuit PD and the dummy delay circuit 
DDL, and operation periods of the DLL circuit DLL and the 
phase comparing circuit PD are made quarter of a clock period. 
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i^ti yi7^.ti\Bim. &u^±fami Oin-a5«^d^b±t5^ 

>r r ;^ Sff OStt *#JtHi t- ft « Isl 8S ^ 
[fiJftJi 2 ] fS^jtii 1 {c*5v^r . 

±IB^^-A*l5JSSfi, ±l2^1&ti*l(HlSS^II@f^-0 

±|Stil^?[H]85l^. ±S5»l5LU5m2(7>ai;ftMOS FET 
-MOSFET, ?i^^UJrc0tmi5ia^®2Oy^-MO 

sFET{c^n^-4xjifc?ij^ffi(cR<j-e>n. stRWfc^rsai 
t *ti6^tL-en««:om 3 &vm4 <oy ^ -mo s f 
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±IBtefflJte!lHJS&«Cj:-5tirffitfc®8&f^li. Km3<7>l^fflS 

^fS-§-^. ±12miOrtB^o s/>5^ft-§-coMI^^±ia^ 
ie«:f8F«ci>Slbr*SS 6 copras ^ n s/^^^-g-irOHT? 

go 

ci:^j:^DRAMr , 
±|Btii;^[HlIiSli, 

B 1 <^W*ft#S:««p-r6mi t^>tH;t»^ 5.^^, 
±lE||f 2COF^^i5^ n ft^(?:^M 1 Ix^/U^^tt 

r±IBm 1 cotn;^^ 5^<7>tli;^jft#fc6±IBm 1 <oai;t? 
m-§-Sril«L. ^<7>® 2<ote3lu^/uSrS:(^T±iaS2 
^ fcb:^ ^ 5^ 5^ CO fcH:^) ft -^fc ^ ±iam 2 o tb;^ m-^ 
t- S 3S IR iH] S& ^ ^ t (7> T» *> -5 C «r ^ -r -5 

[0001] 

o D L L la !» Sr ^» X. -5 ^ n >^ D R A M ^Ji e> -e 

(7?tti;^{S:ffll^M4^tt(7)r^±Xt;!{g:?BaS;^ft:{c*ijffl lt 
[0 0 0 21 

10 0 0 3] te^iH:g^[HlgS^, &^itWt\B}m-h 

[00 04] 

5(; DL L(HlSSSr<ix.Sv^>'^ ^:^;J^DRAM<OScaRf^^c 
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[0 0 0 5] ^SBOiJ^ n 5^^«ilHlSS*^b^fPiS^T 1 
^^{.XAtl^tlh^^^m^ ti yi^m-^CLKTRV'^ JO 

m^ti^^<iy^-i^(DM^^'r^ y - K7 u-al f 1 

rttbOffl^SrtS^^n5^^ft-§-tt, DLLEISDL 

L, ^Slii>H[5I£&D A 2/^btF{C':r>' K (NAND) 
-hNA2&0«yr (NOR) hNO 2^<S:Sfc 

5':?^ft-^S CKB . f—^mt)^<y:^rOB(Dm 
ttrntK^^irm^-r^ ^^y^ V^Cy^^—^ C V 1 RU^ 

[0 0 0 6] v^-:^^tii*x<s/:7r OBli. tli;b-7^— ^J'o 

^\fy h\z.i^t^.\^xmihH^m'^^<r>^^mt)^<yy 

r^^^. ctih(r>miSLmtf^< y :^ r (D^tL'eti^t. m 
C V 1 Rt/C V 2 K^- h N A 1 31 

j^y ry- hNo 1 tc^n^^nfii^-r-SaijfiiHjss^, i- 30 

Ky- hNA iottJ;^Dft-§-^S*^-5Pf^^ V;!;/uSco 
(UAMOSFET (^«Kfi:«5*^f*:SS»3&^h7>' 
v>>^i^o ^IcOBBiMSTM^. MO S FETSrUnfejSy- 
hNO 1 0tt5;tift#<SrSitSN^-^>'-^;/uSc7>tli:^ 
MOS FETN 1 ^riSr^tTo %tL. Z.iC\.^<r>\^ti^O % 
FETPiRU5Nio*ii;^-^^nrcKu^>-tt, ^jcfi: 
-rS^^-T^-O^iT/^j; KP 2RU^y — K:7 Ix — i^L F 2 

[0 0 0 7 ] /.^jo. v-:/^ n-:^;^DR AM^5*5S^^ 

>^ D R AM<7>»lSi-57"-^ tHAfiffl^D Qd^*ii,e-& * 

Ky- hN A is.tJ«y ry- kno 1 ofdi*'(7>A;^«^ 

(Cli, v^V^D^^^^DRAMr^fCtR—S^jJCWSbU-^/l- 
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[0 008]—:;^. rOixi^^r d:^;5^DR AM{C*5V> 

>^TBl&t/B2, •51X^51® [5] ilS VOL, ^i&ti*IlHlS& 
DA2/^ibrj5{w-^> Ky- hNA2&ay hNO 

2^{cjDx.r. 7^-;J'ai;*}^<s^7r OB(7>»fi:fcii:ft/<s/ 
SS^ISI^-r 6 fca?><^) y ^ -mtetb:*^ x< 5/ >^ r D u o B 

c $/^/<5.7T<?>^»tii|iiIaISSDAl , ittJ^^SB 

j/:7r DU l B^Sr-^tPo 
[0 0 0 9] w05*>. <$^^:-mti:tii;^?^<2/ :7r DUO 
Btt, v'— ^ til:* ^^5^:7 rOB(7>«-m*artti*^<s/:7r<^ 

^J'D 2/:^ K'O'/^— ^ C V IfiLtJ^C V 2 lC^^r^•r'5^^ n 
K-fV^-^— c^^C V 3fi.U^C V 4 ^'^tpm;^^t)^(Hl£& 
^ V I —VM {::(7)8^^§-ei:i, yv/-^— 

^) ^'.^bT^i^^SrC 2~C 3d>bfeS3ilg[5]S&^^^ 
Tf.^ ^^-^^T^Il^^yyr'DUlBKt. ^W^W^^ 
ESD^. i5^D 5/^/<5/7xCBO^S6tii|iilHl£SDAl 

[0010] ^J^n-ziJ^ K>f C V SRU^C V4 CO 

A*i^^(ci^. DUOBotb;^ 

lHl5SDA3cote:^OA^l«^tCf;J:, ^^O^fiP.SEEVR 
EF;&^tHt^$ix5o S>S:, y:^-mttfcb^?^<s/>^rDU 
O B 05iJEI5IK$:«i«-t-6Ssi:C 2 XU^C 3 

CKTXU«SetlJ;^?j5r D ^i?rft^sCKB{C^-rSii5£ 

^pfld^ ^<otti^jft-^o u t jc^-r-5^^-m-teA*/< 

2/>^TDU I B05i5£B#Pflt,-^a^)T. ^I5lil6{C;^L:/t 

[0 0 1 1 1 DL LiggStt, ^h\z,^ ^<ry—)o(r>xtiU 
oA;^7«^{c:±ia^^-m*i:A;^j>'<y >^tdu i Bom 

^ft-i-y^SrtaJ^o i/^ft-^-DD SCKS:S*tStir«tfc 
SEhIKPD^. tt*BltRlsIS8PDoai;tj«:S:«tr. 

scKrfl(7^teffi^{c>t?rj£:LfcS:ffi<7)/<^r^®iENB i 
A s Srais^ w ^j58;f 5 $ tt /jM ^ x< ^ r ;^ am« ^ 

F^^jJ^ n y^m-^ I CKTRt/S?SF^SPi5r u y^m^- I 

etj&^?n5/'<>rr;5^affiNB i ASictsoraRWic^ 
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[0 0 12] Ld^L/^A^ib, v'V^ 0':f-jXD R AM/^b 
L K TRXJ^^mi^ ft#C L K B <Dm^ t ^^iS^ 

T 2 {c*3«t s m;t»T^- offiffl t ^%^\:immit'r^ c 
[0 0 131 D L L[H]S&(^)y 5:-mteA;^^'<5/:7 

rDU I BiS:«^t-5^®jti«l(HlSSD ASli, ^^WtC 
«f^««S^Stt-^«IfiIS&Sr^^. fi:ffltf:«lHl8SPD{c:j: 

— K^^rbDL LIsISSSr<e^S->>^ o-^J^DR AM^ 

10 0 15] z.(r>^m(7>m^tj:hWc^(Di\^<r>^&^tm 30 

[0016] 

* U D L L [Hi !^ X ^ v- n ':^ ^ D R A M^{c::fo V ^ 
[0 0 17] ':^vi'^:;Ky<yy^, taS^Mt 

/j^ h mznm.^mz. th^^o^^ -m^tti* ^<yyrR 

^^v^ D:^;;^DRAM«otb^?firffira^1$t4S:Sc 
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[0 0 18] -blSi^V^ P-f ;?^DRAM^{C*5V^T. ^ 

>^/\-mmt}MO S F E T*:-?:iX-eix;^^--/^y^>>'L 
fcmifi.t/lg2(7>MOS FETt . ^Itlb'OMOSFE 

m4 0M0SFET^tcj: ^^^^-r-S^i: — 

x^ix^ixmiiR,m\z.mi^t ^ix^mML<r>^^^m,mmm 
[0 0 19] ^^->i^^mti^<yyrRU 

:h^< yyy RXJ^^ x:iy^/<yyr <om^^m\^'tt>'^X 
[0 0 2 0] Jifa-^V^ n:f>^DRAM«{C*5«.Nr, D 

-So 

[00 2 1] rinfcj:!?, 

Srgg^^o— ^-r^>:i<i:r-, D L L [slSScD^:^ — mti:tli;t? 
^<yyr RX^¥ %, -mfi!cA*^< :7 r * ^ O^Jcffiffl Jt« 

^ ^ r C tp v-::^ 7^ A (75{S?gS«^7 f t «r 0 s C 

[00 2 2] 

^:^:;^DR AM (it^?g<*^ffi(El£&ig®) O-^ffi 
0|52Sfi^J(^> ^JXV ^ o D R AM0«^XU«»f^08ES 
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[0 0 2 31 0l^ci3^r^r, r o||J6CT<7>v'>'^ o-^^^ 
ri. 0<o^<>'^'BANKO{cft^Lr^^F*x6J:5li, 
WD, n i>r Ki^>^7^='— ^RD, ±>::^r>:fSA, 

[0 0 2 4 ] /<>':5'BANK0-B ANKS^r^fig-r-S 
-&i?-tirr«4iif 5/ h»BL*(7>J:5(-*^#LT^ 

l0 0 2 5l /<V^^BANK0--BANK3cO;<^i;r 

i/^v^='-<5^RD{cj*, t2 r>r KU'i^^^^j'^r RA;&'^b 

Atcli:. r Ku:^=^A*«^A0'-A i d^p^r K w;^ u-v? 
ix5^^t>{c, p^^yWWlHlKCLj&^bP^asftiJWfs-g-R 
P<^y«»lHliS&CLd*<bl^a5»JfflKt-^RC;6m*& 

[0 0 2 6 ] /jt*5, r Ki^;?^A;tiiS^AO'-A i {cw:, 

jf&$tt, v'V^ o:^;?;DRAM^^^— Kl^v^>^^^'■t s/ h 

-^-f ^/^t ^ti^t^{z\t. mm^y b(D^— h^T^—^ 
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r R A«c:««fj|&$ix. YrKup^ft#«c. :^yJ^r\:\yp. 

KU'^^JX^J'MR^cmS&Stt^Jo '^^-i^^^ltRiniSSB S 
JCtt. ftlJWlBlSSC L**ibf^«5ftI{Blffi-§-B 

L3&^*^^^n. AT KI/;^''<s/:7tCa31U«^— K 

l/v>;^iJ^MR{C«. F^aJftlJWft-i-RLJltJ^MLi&^^n-e 
[0 0 2 7] ^O'^^fSS^IalSSB S«:; T K Ui;^>^^ 

AR^:frLrA;t?$n-5 2 tr?/ ho/^v-^j^r Ku^^.ft-^ 

«:f^95*mm-§-B L(Ci*oTSt>?ii;^. ^n-T^tt^, 

3StRft-§-B S O—B S 3 0>tj-JES-r5 t*s/ 
^U-</ui:t*^o /<>'i5^51iJ^ft-i-B S O'-B S 3li, n 
JCt^-r^/O-iJ^ B ANK O-'B ANK 3 {C-?riX^'tt#i^|& ^ 

tt. ^<nD r>T Ki^;^'r=j— ^RD, ^yj>.r yiU^^T" 

[0 0 2 81 Kl^v^;^i$'MRI^, ^i^-ViJ^ n-:^;^DR 

dtibo^— Fv^"— ^?'Srt>^ ^•:^^DRAMcr:) 

[0 0 2 91 cz r>r FU';?^/<iy:7r RAIi. v'V^p-:^ 
;^DRAM}d^il«ol&f^^— K<J: ^%<r>r 
^^:^mwt^hr Ku;^A;^7«^A0-A i /.^bo^jcr 
Ku:^ U'v^;^^?' AR^^>LrA;^^ttS0f^es/ hox 
r Kl^>^m-§-^f^§15^J»ft-§-RL{Cti&or^Oi2.^. « 

n^'n}d^^^^te^r;^J^^ft-§-;&>b/ir:5f^a5xr Ki/;^fS 
•§-^?^^UT. ^'O^ B ANKO'-B ANK 3C0CI r>r 

KU';^;«7'>>'>5'RFCtt. ^^i^^ ^•:^;^DR AM3&«y >^ 

Us/i/zr^- ^n^^^. P^^*Jffl)ft-§-RCICt2&o 

r, /^^-^ B ANKO —B ANK 3<7>o r>r KU;^'7'3 
-<5^RD{C«^^-rSo 
[0 0 3 01 ^^^'^B ANKO'-BANK3<7>D K 

Stid^O^^S-f S/^V^StRfS-g-B S O-B S 3d«/N>r 



(6) 

y r U'-f MAR Y(7)^jct:-r'5!7— Ki»«rlR— 6«J{-^3e<^ 
I00 3 ll r(?5|^^S^?iJ{C*5V^T. ^^V^BANKp — 

3 ^ y C D J: 5 ;^ ^ A i^S^ «IS tPtV -5 o 
[0 0 3 21 ektC, ^^:/^BANKO~B ANK3(D;/ 
u^MARY<£r««-rSffl«es/ hj»Ji. MJCSi- 

5-fe:v>^r v:rs Aic^tt^^tLj^-^^n-Sc #-^>;^r 

^AO~A i ;^^br K u-:^ ix:>>;;^i^ AR/i:bU^{>i;«7 ^ A 

r Ku^''<5':7r CA4rihLr3f3£trs/ hoYr Ku-Pi 

c L b ^ Wtaft-§- c L JLU^ c s ^ tt 6 o 
[0 0 3 3] ;*7i^r Ki^;^^<5'7TCAii. ^asor 
^"fe^$gg:d>^r Ku^^A^ffi^Ao-A i ?fcibo«{cr 

KUy^ u-v^;?^^ AR<Sr^LrA;'3^tLSYr Ku;^ft# 
t>jc. ;<?^ AT Ki^;:^;«7(>>'^5^CC(ce^-rSo ;?yTA 
^^^^^^ ^yMsr\^u:7.^<yyrOA^^\^X^f^ 

•?-CS(c:t*ofc#ii»f^S:ff 5o 3f^f 5/ h 

OF*1§j5YT KU;:^ft:^^M^k?^fifeLr, /"^ViJ'BANK 
0-B ANK 3<0;t7 7 AT K ix;:^'^ — ^ C D {c:tHj«&-r 
6« 

[0 0 341 ^^^'^ B ANKO-^B ANK 3 (7>:*5AT 40 
KU- ;^v^3 — yCDI^, F*3a5$iJffllft-^YG;d^^^^ Ix^yl. 
i:$ix;&^o5itJrt:>-r6/<>'i^3llRft-§-B S O-B S Zt^^^ 

AT K^;^j&^>>'^5'CC3^*?5#t«&Stt-5rtaYT K u:?^ 
(S-^^'T^i— KLT, ir>';:^TVrS A(C#t)^^i:nS 

[00 3 51 ^<>'^BANK0'-'BANK3<O-feV;:^T 
V>^SAJ^. ;^^y T U-'fMAR YO^ffl^itf hi^{c: 
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•y--:;^MO S F E T*^iEafe?iJie-& $ixr*5 ti^y hj»:^ 

— ^COCMOS (ffllSMMOS) ^ 

^y Tl^^MARYO«-ti*ie5^ hj^cO^NKteRO'Ste 

[0 0 3 6 1 -;^> #mflrlHl£&(7>^ffiii(!i[HlSSf^. F^B 

lRf&-§*BS O'-BS 3*^^N-Y l^'</^t ^ixSr^-e^ltR 
e<3tC*^0-^{C®if^ti^^^/^i? . ;^^yTl/^MARY 

W(c/N-r ^-</u^^n5C^:r-l eM-fopltRWJc;^^ 
jRHiTJfcO, P«^y T U'^MAR Y<7>^S£:-rS 1 6^fiO 
^iMt'^/ hi^^l^ili^ilT^— ^i^CD 0 * — CD 1 5 * 

[0 0 3 71 fflM^ilT^—iJ'iSCDO * — CD 1 5 * 
5ttJES-f hT V>^A<;5«-*ffi7>r hT^-rcp 

i^T:^yMAO:S-mtt:p« Y >'T>''7^coA;^7«^^c^i^^• 
i^ife■&^?i^So 

[00381 -'^V^B ANK O'-B ANK 3 hT 

i^rWA^ti^j^^VT V^MAI^. ffiffi*ii7^-i$^i^C 
DO ♦-CD 1 5 *{C^jS;bTK<t bttS 1 6<B(7:)^>(fir 

hT>':?^&tj^mffip<'f vTv:/^^n^-n'&tPo c 

o5*>, -^-f hTVT^WAco^^ffi^^ hT:^7^<7>A;^? 
iS^l^i, ^jct?*t"S^^ h-r"— ^/^;^WDB 0 --WDB 1 

SfC^alS'g'Sn, P< >'T>':/MA(7>*^ttp*>r :/T 

v:?^otli;ti«S^W:. ^ft-T-S y - Kt'-^?^<;:^RDB 0 
~RDB 1 5{C*ii/e-8*$ttSo hT>":?^A(7>«. 
mte^-Y hT>':/tCI^, ;^^y»J'^[H]JSCLd^b0;^^ 
tt/iil^f^95*J»fS-i-WEd^*iS{C«*&^tV. ;^>f>'T> 

[0 0 3 91 T-Y hv^ — i^^^;^WDB 0--WDB 1 5 

•r-^5'A;^?'''<2/7T I '&<r>n\i&-t^'^^?^'h^<yy 

DB O—RDB 1 5t:i. ^tiJ*''<S^7TOBO^^J'Xfi: 

•r5mtttil;^/<2/>^r <7)A;^7«'^{c.S^^n5o t"-:^' 
Xll^^yyr I Bi7>iS"A>J^<iy 7r (OA*«g^/irbt/(c 

T — ^ ttJ*^< 5^ :7 T O B CO«-*ffi:ti}>3.''? 7 T Ofcti^JiS 
^JCS-r^v^'-^5'Atli;t^6S^DQO-DQl 5 
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m 0j « ft D o c ^ ii ^ s o 

[0 04 01 f—^Xtl^^-jyT I B<D^m^?<t}^'^y 

WDBlS^^hUr, /<i^^B ANKO—B ANK 30 10 
So Z(Dt^. -'O'^ BANK O --BANK 3C0^-< h 

r^-rwAi^j^mte^^ hr^-:^!^. f^W#jfflift-§-wE 

U-cyui: ^nd>o5l:j'jcS-rS^<V:^ilJJ^ft-§-B S 0 
-B S 3 >&wN^ U-</u ^ ^ nS ;i <^ X'31tR6^{ca>f^)t^M 
t/j:^. f-^7^t^^<yyr i B (O^jEt:-^^^^*^;^^^ 

[0 0 4 1 1 —:^, /O-iJ^B ANKO — B ANK 3C0p« 
Y>^T:/>^MA(75^mte^^>'r vrii, ^/V^n-:^;:^ 
DR AM^d^SK^^-ffiL^- K'T'alS^i^^i: 

illRft^B S 0--B S 3 3&^/^-f W^yu^ SnSC^^i® 

OaStR^^ i^-feyu-ji^^fflS^ilT^-iJ^i^CD 0 *'-CD 
1 5 * LT tU* ^ ixSK^a UfS#<£r«*S b/t®. 

Kt'-^^^^^rdb o—RDB 1 s^^br-r— 

7 T o B o«-m&tH;t?^< >^ r {cte^-r -So J<7 
10 04 21 z.<r>t^. 'r—^m:b^<yyrOB<D^^ 
&m:f3^<yyrn. ii^Snfc/^r^^B anko-b a 

NK 3(0;< >'r >-^MAd^<b U — Kv^— ^^^>^RDB 
O-'RDB 1 5 ^/M^rfiil^nS 1 6 hfj^ hOi?;^tii 
Lt"-^^. fctl;'37 3/f^ft-^OL IXI^OL 2(CtJ^oT 

O-DQ 1 SA^btH^-r-So 

[0 0 4 31 /j^*3, wOl^ljS^^iJcr)-:*^^^^ a-:^;:^DR AM 4(7 
XU^P f> (^m^^y^m■^rCLKBi^^^^^ly^ 

^^/<;^RDB O—RDB 1 5lCt>, n 5/ ^ fi-§-C0 2 ffiF 
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[0 0 4 41 iJ' D s/^y<5/7r CB o 5^i5rA^?lHl 
SS) J^, ^^I^^OTiJ'-feJ^J^gd^biJI^Bii^^CKE^r^^b 
T«*&^n5i>ta5'i5^-r^-://Uft-§-CKEi:. 
^CLKTSLOSCLKB (^1^7?^^^^) *:^bT««r 
feSixS^ o s;^ft-§-0* t)ti4f ^ D 5^^^(S*CLK* 
^^1>^{C. ffiltrtas^ n I CK* (miOrt 

U^^yi^m^) UWIBlIHillSCLXa^D 
L LlHlgSD L LSr^tf^^^^^^ oi^:^DRAM<0%-mz.m 
jfe-rSo DL LlHlgSDL Lti. ^Diy^/<2/:7r 

cBi^-hm^^ix^n^^^^ D y^m^ i cK*$:t> 
^{c. ±iaffiffii>ns/^m-^cLK*^:^^o&fflgg« 

^#-rSffiMtii:^J^D 5'^^m-^SCK* («2<D|:^«5^ 
n^/iJ'ft^) ^^fiKL, y'-'^mti^<yyrOB\z.mf& 
-rS. 7^-:^^Atb:^J«^DQ0-DQ 1 5 

t-ii, D iy:jrft-^cLK*{c>ia:*ai^^$n)fctb* 

[0 04 51 ;^^y Wffli©SSCL(:i, :^1.a5cor :^^*tr>^3S 

SB, n i^r KU;^;:^ hn— :/ft#RASB, fi'yUr 
KU^y^ h n — y^ft-^-CASB, ^-Y h^f^^-T^yUfa-f- 
:/fs-§'DQSt. :^^C2 s/^x^5/:7r CB5&*^^*&$ttS 
ffi^tP^^^ n s/^ft-^ I CK* <?: , KUv^;^^MR 

>^ D R AMO#95{C#<^*&-r -So 

[0 0 4 6 1 IS 2 (Cl^, ^ 1 COv->-:;^ u-:?->^ D R AMtC 
^*ixS7^— fcU;/3''< yyr OB (r>—'%mm<r>^^mif^ 

;^ D R AMtTJ-r— W^3^< jx :7 r o B /ir Pjusjc-^ro^-tt 

tti;^7^'<3/7r UOB O—UOB l 5 0^«:6^«fiS:Xt/Sl 

f^(cov^TKM-rSo 0 2(cig-r-5eAT(oiaa-c 

li. Crtj^*tiS^ffitil;ti^<5':7r UOB o^SrtoT. * 

ttttj^^^y 7rUOB O'-UOB 1 5*IftB^-r5o * 

fc, UJlT<7>[H]|f&|l{c:fc^/^r, -eo^-^^./L- 
h) 95{C$^Pn;&^#$n-5MO S F E T^Pf'^^'^^'^/ua 
■CfcoT. ^HK^W-^n^l^N^-VV-^^/UMOSFET 

[o 0 4 71 S2{c:Joi^T. -7^- ^ 5/ :7 r o B 

Ji, y-- Kt^— t^^<;?^RDB O — RDB 1 S^t^jt/iC-T^ 
-:^^Ati3*«-=?-DQ0-'DQ 1 5 fC^jC LTK(^ biXS 
1 6fi0^tttil*/<5/ :7r UOB 0— UOB 1 5 4r<S 
X.. mb0^tttil;^)x<2/ P'r UOB O—UOB 1 5(7) 

rUOB Olcft»Lr^$;ti6 J: 31 -✓^ h y 
T2 mztomtty y^) t^tPo :inibott3;t?7yf^ 
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C L2&-bfcb:^^ ix^ft-i-OL tti;/375'^ 
[0 0 4 8 ] /irjo, ^y^LTlRX^LT 2n. 4# 

[0 0 4 9 ] :iix{;::J: 0 , U — Kv^— rdb 0 
W^fcbL'T^-iJ'li. 5/^m-§-OL IRU^OL 2JC 

10 0 5 0 1 mti 75'^LTlS.t/LT2 CO^^S:^tH;^^ 
iSS^Qtt, iJ^nj/^ K-r >$rcVlXU«CV2«7>A 

V l(7)#^S^^J®i^^{Cf^. DL LIHJS&DL L^>b^^^ 
5o Sfc. i^n^xiJr K-r^^/'<-^CV20#^^te«fflIig 

Xt/y ry- hNo 1 (o-:^<DA:^i^^\z^^f^^^ti 

So 

[0 0 5 1 ] t) , n K-r V/^— ^$^C V 1 

Xt;5CV2tt, >f — iJ' V 2 — V4 <h ^ 'bt-'^^bt^-S 

{CfiitL. tli*^i3iXj5^fE#SCK*d^m20iaSU"< 
T 2{c<fcoT{%i^$n-5K^ttiUv=^— ^J'S:, -^^Ky- 
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hNAlXU«y ry— hNO lO— ^-COAJ^JiS^tce^ 

[0 0 5 2] hNA 1 (7>ft!i;^<7>A;^i^^lC 

;^^y*iJfflilHls&CL3&*ibai;t?M®ft-^DOC}&^#^^ 
/ry— SNO ioM:ft^oA:^3^^ic}:3[. ^«D-r 

v-z^-^V i«cJ:SSteft#3&«#(tj^Sn5o ^^^-K^- 
hNA 1 (7>£iJ;^iS^J^. P^-t>^^/UM<7)fcb;^MOS F 
ETPl (miom^MOSFET) (7>y— hiOg-g-^: 

ii. y r>/- hNO 1 <7>tii:/3ia^tt. N^-t >'-4^>'i'So 
y(? tii;^;MO s F E TN 1 (SIf 20tli;bMOS F et) 
— htc^-^^nSo tii:t?MOS FETP icoy— 

iHis&oma^sff (m 1 <7>mi!^mff ) (cig-^^n. w^^m 
osFETNi(7>y-;;^W:, iiite<7:>«aafl[: (m2os 

ismff) \Zf^^^jx^^ ^fc, r:H?>OtiJ;tlMOSFE 
TP iRU5Ni(7:)*il)g'g'^nfc Ku-O-f^. :^tt:tb;b 

^DQOl;i, f—^7^ti^<yyr I B co^j^^-fS^ffiA 
5/ >^ T oA;^?iS-7-Jc:t>4^ii.^'g'^n'5o 
20 [0 0 5 3] ■:^>' Ky-- hNA 1 (7> 

d^offi;^^ iX^LT 1 XI:iL T 2 (O^^KUmt^^-^Qt^ 

/jJt). CiX^S{trai;^MOS F ETP l;6^3ltR6<JtC^ 

vjKfli^jtSo coi:^, y ry- hNo 1 <7>tii^?f&-§- 

*MOSFETNl;5«;^:7t^^^/j^-55t*i). T^-^S'Atti 

30 

[0 0 5 41 — y ry— hNo 1 (7>tti;^?ff-§-«, a 

V itcj:SS*Kft#d^o i^u^/u^^ti, ^>>om^7s/ 
f^LT lXJi:LT 20#^^|stb;^ft-§-Q;^^a r> u^yi.^ 

St^ TN^ Y >'^-/I^M<?5ttJ^?MO S F E T N 1 d^^tRW 
{c:^:^i^^<t/j^2,, ;i<7>^:$. -^^^ Ky— hNAl <7>aj 
:^ft-^l^, f±5*^ iV^LT i:5lJ^ LT 2(7>?fiK^tH;fjft 

40 tt*S<tTW;^?MOS FETP I;d5;*-y^*tffi^/i^-5y5: 

V^--^Afcb;tf«^DQ0{C}:iDr>i^^/K7>g|f;;t^y;J^ 

[00 5 5] w<o||^js^FI|{cfcv^T, -r— i5'Aiii;^jia^D 

5/ ^ fS#C L K * {c^ L.r^^<7>ttfflB9«4:*-f S 
t^iX. 7^-^5^AtHAiS^DQ0~DQ 1 5lc*5<t5£l 

5(? -rso 
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[0 0 5 6] @3{Ctt, mi(Oiy>^ t2-t-^VRAM(D 

L L c7>^ ^ — 3SjS[E]58D D L CO— ||iS«ri)co[Hii^Sd^;^S 

tiy^m^Rrfmti'f-'^<oBmm^, i>^>^ti'r::Ku 

[0 0 5 7 ] t£:iS. m6RXfm7\Z\^. ^^S^g^Tlo 
^ D CLKT5^U!CLKB3&»b L; — K:7lx>-AL F 1, 

^i;^^*-^ KP 1, &mi*»iHisSE sD/^^u!tc 

S/^/^^/T'r CBO^atiiUlHlS&DAl ^STDL 

DLLO^SaSSlHlKVDL, ^SltfffilsIS&D A 2 b 
K^— hNA 2^t// r hNO 2^^Sr 
D L L IHIISS D L L Otll;^?ia^tcM^ft'§*iSSS ^ L 

[0 0 5 81 ia3{C*5l^r. ^ D 5^^/<s/:7r CBIi, 
^gjtiffilHlil&D A 1 ^-&t?o CO^®3±i*l[H3SSD A 1 O 

•§-cLKBd^#«^*&^n. ^(Dmmm'f-\^\^. ^^m-=f'C 30 

So ^fttitllHlSSDAlCO^^^LU^^^^^tli^^^JCfc 
WM^-^^ n y^^^ I CKT^ D L L ESSD L L 

[00 5 91 r(0|lliSW{C:*5l^r, ifxiy^^<yyrO 
B(7>^iilti*g[5]S&D A 1 J^, — ^ttO^SjMO S FET 

K^®iMOSFETtc0f«oSbf^«i««:^«W(c^ 

^fRiS^C LKBSr^t-urA;^^ixS^ffii5^ n y^^^ 
CLKBCou-^/u^^rltKiiiH-rSo ^S&[2lSS<D#^R«E 
&tJ«S<Et±l;tift-§-l^. ^^n yiJ^-r^-://ufS-^CKEtc: 

CKTfi.U^SSF^95^ n y^^-^ I CKB ^ ?t5o 
[00 6 01 /ir*3, ^ffl5iS^T 1 I? n 

LKBSr^hUrA^lSnSffiffi^ n s/^fS-SrCLK*0 
t.r)nRmi^ o y i^m^CLKTRV^RU^ ^yi^m^r 5C 
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(c, ^(omMi: toy ^-rs-r A— T'-r 5 0%0^^/u;^ 
m-^t^n^o ^it. i7uy^^<yyrCB<Dm:hm'^r 

ti^^m^m^ ^y^m-^ i ck*o* i^^^ssbi^b^ 

D yi^m^l CV^TRXTW^P^Mi^ u y^^^l CKB 
tt. B6fi.U5|a8 3&^<b9^<b*^'^<^J: 5t-. ilB^^ig^T 
1 j/iJ^ft-^-C LKT^O«^Ik^ n y 

^ft#CLKBd>b. iJ1^95«-^T lfi.U«7}?>''x-<>'://^ 
5/ KP l^iS-fr-rSi;-" ALF 1 (tJ^Vt'^V 

^!7-<-\-Sr^tP> /j^btrjCl^^f^aiHlit&ESDjlU^^n 

s/^/<s/:7tCB (7)S®iiitH[HlSSD a 1 (r>%WcMmnm 

t d 1 tj-jitbrc/^/i-^m-i-^ ^nSo 

[ 0 0 6 1 1 g| 3 <DD L L IhIISD L L tt. 4#|C»J 

Pfi$ii.3^j^^^)a^. /-^s/^r b i5.t/B 2 ^:f^Lr±lB^ n 
5,^/<5/:7r CB<7>ffi;^ft-^^6-^^p^^^ u y^m-^ 

lASd^^^^n, ^(D^mmRxf^ma^tim-^\t. -t 

> Ky— f> NA 2S.U^y r^— h NO 20— :;^<oA;^iS 

[0 0 6 2 1 -r^y- hN A 2 (7)te*-C0A:t>«^{^ 

hNO 2ofdi*'<^A;^7«^{^Ji. ^^>f ^^-y^KI-^E 

NB3&5#«c*&$n5o ^/c. •^>'Ky-hNA20W*m 

Sfc^, i^R^mti^^yi^m^soi<.Ttf^^. jr 
hNO 2oidi;t?f&-§'{^, I^c<ii:^ijjgffi^$ns4 

fs-§-SCKB ^/^So 
[0 0 6 31 ClCO|lite«^'JODLLlHljiSDLLJi, 

^ D s/:?^ft-§-D I CKT (^6 (Of^^t5^ n y ^fS-^) $r 
^j*-t- -6^J?llHlS8D I V 1 D L LlHlSSD L LCOtb:^ 
f&-§-^S?^R<Ktii;t»^ n 5/i5^fg#SCKTS.U5Stetll* 

19 ^cOj^^^4ffiF{c5>JSlUyh#^^^rta5i^ n 5/ 
^ft-i-DSCKTS.t;«S«5rta5^ n 5/ :^ ff-^-D S C K B 

2 ^«:^tP« 

[0 0 6 41 ;i<7>5"^. ^^[Hii^D I V l(7>tl5;^^ft■§-rc 

SP^SSi5^ a I CKTIi, tefttfcKlsllJS P D CO 

-*0A;tJ«8^lc:«t*&S?n, i^SlsIKD I v 2 0til;tj{i 

iJ^n j/^fS-^DSCKBl^. y:^-3gMlHl[^DDLtC» 
*&$n-5o coy ^:-3iJ£(H!S&DDL(Otli;^jft#/::Srt 
ffl^PS/^ft#DDSCK (SJ4 OrtW^ n s/i^ft'^) 
tt. ffi«lt«![Hl»PDOto^OA*«8^(Cflici&$tl5o 
' ttffllt®[HlSSPDOtH;^?«#:fe:Sttffl»Jta)fS^ 
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[0 0 6 51 DLLlHJS&DLLCO'SI^igJiCHlSSVDL 
JO. >p n 5.^/<5;7T CB*^ib''<s':7r B iSiO^B 2 =Sr 

{tiijs^ii:T^siiti*i(HiiESDA2ice^-r'5o cLo^a 

ltifi[5I»DA2(^ffi«til*fS#«:. INSteW'^-^^/U^t 

hNA 2XtJ«/Ty— hNO 2*>b. — t^^V 

CKB ^/jrSo 
[0 0 6 6] Z.iX\Z.X.^. tiMtli;^^D5;i5^fS-^SCK 

♦ 0*0 ^^SetH* ^ Ci 5. ^ ft# S C K TiSLtJ^^etb* 

D 2/i>{t-^SCKB«:, S8{c;^^ix-5 J: 5{-> ffi^fi 
F^tB^ n 5/ :^fg-§- I CK*0* IP^^^^F^^^!^ y ^ 

# I CKTRO^SteP^fflSi^ D 3/^fE-§- I CKBA^b. D 
LL[51i»DLL(?>/<i/7r B iXt/B 2, "BI^igJglHIliS 
VDL, ^®lii*ilHl8SDA 2, -3^-^^ Ky— h N A 2^U^ 
/ry-*hN02. ^'z^— V 5~V 8 /.^ ^U^tCV 9 
-VCO^ffigJgB^K t d 2»yt*(t(4«A^iltt^f^-Jll 

-^5'Attl;tJ«^DQ0~DQ 1 5{Cfi. ^^j^lEW;^?:^^ n 

ft-§-SCKBi&^ni>^-</U^$nT*^b. @6C0v^— 

l±J*''<2':7r OBi:. jJ^vt^-t V'^^^j/ KP 2Rt)5^ffi 

[0 0 6 7 J -is. 5>igiH}5SD I V 1 Otli;^?fS-^fc-5f^ 

I^95i^^ o ^rff-^ I CKB35^?5. 5>^IhJSSD I V 1 
;^ft#^?t^o ^y^c. i^jgiHlKD I V 2cr>tiJ;tj(t-§-fcS 

^ D s/^m-^SCKTXt/Steffi;^?i5^ D 5/i5^fS-§-S CK 
B36>b. »jgiHlKD I V2<^5iffi«ira t d 5yf«ttt:«36^ 

0||ffi«?«J{C joV^T, »J^tHlSSD I V 1 <7)aiJ£P§ffl t d 4 
t^Wi^^^D I V 2 (75iijl£e$pa t d 5rt:PCfili:/^6 J: 

[0 0 6 81 ^Jct-. D L LlHJS&D L :^ — ilJglHlte 
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— ^5'CV4 ^^'^tPo K-f ^CV3<0#^ 

5>MI(53SSD I V2*^^^^SlEf^^^ 

SlBrtW^nsx^ft#DSCKB3d^eif«&$nSo * 
[0 0 6 91 n K^Vx^ — ^CV 3XU^CV4<^ 

VD — VF^^hbT-:^>' Ky— hNA3RU^y Ty— 
hN030-:fe■coA;t^<S'^^cl*Ji)e-g'$i^2»o :^VKy 

- hNA3<7)ft!i;^(7>A;^?«S^tc«:. ^^(n'^mM&if^^ 
*&^n. / ry- hNo 3(7>ftii:^oA;^d^^{cf^. ©ss 
<r>mmWSLt^^^^k\.^, Ky- hNA 30tH;^?iffl 

^F-tt, P^-y ^'^f^/WMOS FETP 2 (HlO^^— M 
OSFET) coy- hlc^-^^ix-S^irtilc. p^^^- 

^/UMOSFETPS (||3(D^^— MOS PET) CO 

y- htwfe-a^^n-Sp y ry- kno 3 (Dtii;^?ff 

Nf'Y>'^/^MOSFETN2 (IB2C0^5:— M 
OSFET) coy- htCje-g'^n5<b ^ t>{C. N^-V>' 
^/UMOSFETN3 4 (75^ ^ — MO S F E T) O 

y- ^{^^'a•^i^'5o 

[00 7 01 lU^MOSFETP 2C0y— IsllSO 
J(7 SJ^SiEfc.^'g^^n. tl5;^?MOS FETN2C0y — 

F E T P 2 XO^N 2 <^>*j1^-& ^ tt^t K^-TVirEHlieSO 

;^MO S F E T P 2 SlU^N 2 O^iDe^^ ixfc K U-f 

omffiJ^i. ^tttll^/^y :7r DUOBO^±J;^^t-§• 

A*''<S^7tDU I B{CPf*&$nSo 

[0 0 7 1 1 mfi!:A;*?''<ixP^rDU i b{^, 

m^^^fi:\i^t^. I^StSrSlHJISE SD^. 2fflCOi5^n3' 
XJ^^xxy^ hWx<--jrcv6<Z)til*dg^rajc;»:<tibix 

SP^-y V4^/UMOS FETP 6 ^^-^tPo Z.(r>o^. 
P^YV^^/HvlOS F ETP 4RU^P 5 /ji U^lCN^ -t 
>';^yUMO SFETN4Rt)«N 535^fe/i^6^ o jx^^ K-f 
w<— t^^cvsri, -f;^;— :/y^ft-§'ENO/^>< U''</u?r 

50 nSCirT-^tcea^ftflg^ Stt, MOSFETP6tt, 
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[0 0 7 2 ] :itih<D:itti^h. y^-^«Lmtt^<^y:7 
5/^ft-8-DSCKT<D^N-r l^'^/UO* ?>S«5i^® 

o s/^fi-g-D SCKTOD t> U^/UO^ IJStert^ 10 
^WtMhfa^. Ky- hNA3^lT^/ry- hN 

[0 0 7 31 y^-^tttil;^^^iy :7rDUO 

outJi. y mttA*^^s/ 7r DU I B^^fife-rs 
5Xa«C V 6 ^Srp^§P:5^ a 5/i5^ft-©-DD S CKi:/jr 

[0 0 7 41 DLL(lI8SDLL(DttJ^?fS#)t-5rt 
^iJ^D j/i!^ft-§-DDSCKI*. ^JSIUKD I V 20Hi* 

DSCKB*^^, 1^^^— mffitli*/<5^:7r DUOBS.tJ' 

y ^ -^ffiA;t7-'^ 3/ :7 r D u I B Sr^tp^ ^ — SlSIsIiS 
DDL O'&tfiim^Pfl t d 6 1t\im^i^mL^it.^^)\^y^^ 30 

[0 0 7 5] ffiffltfc«isi*SPD«, i^mm^D IV1<0 

tiJ;t?fi-g-^$rt9S^ o S/^fS-^D I CKT t , DLLS 
^DLL(Dmtim^tz:5^%^ n iyi5^ff-§'DD SCKO 

sscpf^, ttfflit«Ei^PD3&>f3W*&$nsteffl»j»m 

#{Ct2&oT. n 5/^ft-§-D I CKTRtJ^DD S C 

-'<^r:^SH«^iHiiiSBVGSrsr^<-f r 4o 
[0 0 7 6] cnic^o, -^^mmi3i^vDL<Dmm^ 

{Z^nm^ TloSt^^^SE^nj^i!^ ft * AS^ C L 
K T&O^SK^ 05/^ ft#A;^«^C L K B 

B(7>ffiffli:, ^ffliffi-7-T2 0* i9 5^-:^^Atil;t?A»^DQ 
0-DQl 5«C:fc«^Sttt^7'7'-i^<7>tt«i<|i]^{t$tt 

SO 
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[0 0 7 7] z<DMmm\zis\,''X. y^:-mffi:tii;^?/<ix 

:7TDUOB*®fiSt-rs^ D 3^^ K>r W^-iJ'C V3R 

U^CV4rt:, 'T — ^mtiy<iyyrOB<Dmi<Lmtf^<t/y 
r UOB 0 --UOB 1 5 ^m^-r^^^ K-Y 

'^CVl&t/CV2^[^— O-l^-YX-C^^^tV. l^-<7> 

iiLmti^<yyrvoB O'-uob 1 5^mf&'t^^ >'^< 
K-5^-hNA2XU5/ry-hN0 2l:3:. i->h^y—h 

NAixti^/ry— hNo 1 tm—<DmM^^^^-r 

So 

[0 0 7 8] — y ^—m&mtfy<yyrDVOB^ 
«^-r6tli>3MOSFETP2XU5N2«:. m<fctti*/< 

sy:7r UOB 0— UOB 1 5 S:«^-rstii;^JMO s fe 
TP i^U^N 1 >^U<5^!>>'. »?^oi^-rX^ 

^^(^S'J'&TvJv^< ^tz. MOSFE 

TP 3RXJ^N3\t. tk^W/h^J^j^-l^^fXOlSSiDMOS 
FET^^^iL^-^-rsr:<h(cJ:i?«fifi;$ix. S^C 1 

SC^tCct D^^^ttSo MO S F ET P 323Lt/N 3 ^ 

N A 3jit/y ry- h NO 3tc^-rsA^^^fit^ h y 

[0 0 7 9] mmz. ^^—'^i<LP<tt^<iyyrDv i b 
B o^ttti ifiiHi ss DAiommzm^ihti^ ^ats® ih] » 

ESD^[^-(7>5i5ii|^tt$r^^o-<< Jg/S^tiSo *fc. 
¥ffiA:^''<i/:7r DU I B<Diruy^ K^V/^— 

(D. y^y<yyr CB<D^tbmm^&DAi t^— 

[0 0 8 0] £lJiO)e^. ro|llfe«fiJ(7:)>>'>'^ ^:^;?LD 
RAMTtt. MOSFETP 3XU«N30|^J»f--rXX 

J£[HlSSDDL^ LT(7>3lJg^Pfl t d 6. 0*19^^-38 
ffilslKDD L<DA:f?ft-§-fcSffl«rtW^^ a 5/ iJ^ft-^D S 
CK*^^om:^7ft-§./S:SrtW^ o jy^fS-^DDSCK 

-5* 
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[0 0 8 1] :i(D^mM(0->i^i^ ui-:^DRAM{z,io\f'^ 
X. DLLIsiKDLL:&^K«t bixSBWW:, ^Wig^T 

ft-§-C L K TRX/dLU^ m-§-C L K B Oiiffl ^ 

^«iS^T 2o*!?T'-'^$'Atti:^?«8^DQO'>-DQl 5 

r. j^jgiassD I V X 3&^bttfflii:®iHii»PD(o— *"<oA 
^ fs* D D s c K o^affl - a-r s c 1 35^ie:>s^fe«= ^: s 

[0 0 8 21 0 52SLO!|g6d^<bi53ibA^/jiJ: c 

t d A= tdl+. td2+td3 • 
ffl1ii5^ D 5/i5^fS#CLK*COjgS« t c y ^ i^«n <i:(C 
t d A= n X t c y 

[0 0 8 4] ^ 5fi.t;^S7^^^8^^*^/^<t 

m-^I CK*tt. fiitSl^B. 0 55^^(51 S&D I VI 

^JirtaffiF^fP:J'D 5/^fS-§-DSCK*^/ji ttffilt J(7 

!9DLLlHl8&DLL(7:)^SaffilHl»VDL. ^Sbittllil 
[^DA/^bt/fC5i5ilHl[^DL 1 5>J^lHlS&D I V 2 

UOB<0^^ o K-O-/^— V 35:U^C V4. >r 
/<— ^J^VD—VF^&^^j/jrSdUSOl^DL 2, tU^MO S 
FETP ZRXJ^^2^^ts'f—^^1l^<yyrO'B>Yy. 

t d C= td2+td5+td6 

tdC=4Xtcy+tdB 
= 4XtcyH-td4 

tdC=tdH-td2+td3+t 

[0 0 8 7 ] ^a^o J: 5 5>j^[HlSSD I V 1 
t d 4 5>^I5lilSD I V 2 05g5£^Ffl t d 5 i: 

td6=tdl+td3 
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•tSr'&tPi; — K7U"-ALF 1. ft-^^f^^^if^^yYV 
1 3fcbU^(C^ o s^^/'Cj/^r CB<7>^aiii«lHl[6DAl 
i:, DLLlEliSDL L0^^5g5£[H]5SVDL, ^t&ifffi 
(HlKDA2/j^^t/{C-:^V K^- hNA2S.l/y h 
N0 2^^tr3g3Sli]S&DL 1 -r— ^fcl5*^<s-':7r O 
Bo«'^<itll*^^s':7r<^^ o 'J'cvi 

25.UJCV2. ^V/-^— t5'V2'-'V4$:^tf3g5i[H]SSDL 
5/j^6>r/{cHi;^MOS FETP 1 JtU^N \ t^hfi:^^<y 
yrt. 'r—^mti^<yyr OB <r>mtim^fi^h^^>7' 
-f v^^x^s/ KP 2, ^v-T^^ >^!7>f -^Sr-^tpi;— 
U-AL F 2/jM^biJ1^95iS^T 20* 
^DQO~DQ 1 5 ^JcMSft-i-MS&^?:^5o 
[0 08 31 Lfc;&^oT, jE«fi^SjSA<^>-&tfa5i^ 
Kit d AI^J:. i^^m^T It-h^ ti y^^<yyrCBi: 
STD L L lUSSD L L OA^iS^l^M-S A:^ft-§'JSSScO 
ig®B#Fa t d 1 <J: . DLL (hIKD L L <7>'5J^5gjg(D]||&v 

D L (omMf^m t d 2 ^: , d l l ihissd l l 
d^^7^-^ttj;^?/<iy7r OB^Sr^95«^T 20^ 

7^->5'Atb;^i^^DQ O-DQ 1 5 {C^S m;^ft-§-SS& 

(1) 

7<j3y<yy rUV I BiD^n^m^Bl^E SDRXJ^ d y 

DDSCK^/^D. <4ffli*:iSSE[HlliSPDOte:i^<?:»A*ig-^ 
[0 0 8 5] L^td^oT, JiIBteffin 5/:^(^^ft35^j5j£lt 

i)^h&mf^^B(Dmmm^^^\^3\\^^tzmf)^. nm^tz 

5/:5^ft-§-C LK*(7>i?lSg t c y<0 4i^t—^'r^Z.tt^ 

fS^^^^f^t^^^o ■i:5*r-<>/^<, fiitS^B(7)ig5i^ 
ratdB{:i. iJ-^lHlSSD I V lOjgffi^ra t d 4 

DL LiHissDL Lco-si^igjiiiaissvDL, ^mmm\3\^ 

DA2/j:bWC»jii[Hll»DL 1 oaSi^ra t d 2{C, ^> 

^niHissD I V 2 t d 5 ^ . —mm\B[&u 

(2) 

[0 0 8 6] v^-&m&mc(D^m-mmmmt dc 

iSL^viy^m. t5ia (1) ^(75e«($?ftn^4 L^h 

^^oiE^fe^j^ssAO'&tfii^p^Fa t dAt-wc-r^ 
tcib. ^m-mmmmt dc\zm-r^±u (2) 

d4 (3) 

fiS^/jr-SJ; 5lcRff$4x^. z<oittb. ±«S (2) 

a« (3) ^t^h. ^^-iiJClHliSDDLCOjiia^Ffl t d 

• (4) 

tdl^, DLLlHl»DLLC0tb:ftia^d*fe7^-^tii^j 



(13) 

23 

i:m:ttif^mtmcmx-»>^z,ti^^. dllesdll 

[0 0 8 81 Z,(DmMm\C:^^^X. ^ ^ -iiSSlHSSD D 
^ >^<—^ CV SRXJ^CV 4 , ^ l^y<-'^VD'>-V 

Ffj:hm:i-ri^h^Y— hNA2Xu^yry— hN0 2 
o-uoB 1 5Sr«i5S:i-s^i3 K>r v/^-iJ^cv 1 

?^7TDUOBOtli;^MOSFETP 2Jli;!N2tt. ^ 
ffitii*^<5/:7r UOB O'-UOB l 5 (7)tli;^MO S F E 
TP lRX/Nl^::^^—/i-V^>^\^fzJ^X-mm^tl. M 
OS FET P 3&tJ^N 3f:i. Mft^-t ^ ?^ ^ /U:^ ^ y ^{Z 

vt^xmi^t^\zm!$}t $ixs^n^'ttis«:<DMo s f e 

[0 0 8 91 y^-mi^LAti^<yyrT)V I B 

B <7>S»JtffllHl[»D AOfliFS(-R«t fctt:5»m«®lHl!S 

/£5t><?><?5. n s/^^-^jy >^r CB<DSI»it#i®llSDA 

[0 0 9 01 z.ixh(OZtii^h. z.(DmMm(Oiy:y'^ n 
t d 6 MO S F E T P 3 Xt/^N 3 /ji bU^JC^g 

c i(7> h u ^:>'i/icj:or«ffliL, iiia (4) 

3i5E^r5 t d X IBLrJ t d 3 (7>o^lbJc?i55)^3fi^«t 6 :i ^ 
i/i^^ p^^DRAMotb;titt:fflPSfl4#tti£:ScSL. v' 

[0 0 9 1 1 tzhx. z<ommm<Di^>'^ ui':^r>K 

KMX\t. StJtSLjtJ: 5t-> DL L(hIKDL Lcoy^- 

¥^iA:^7''<y:7r DU I Bd^, ^n5/ij^x<5/7rCB<7> ^t? 

Ka^SPD ornate. ffl^frtSR^ n s/^ft-g- I CK*0 

SrEaiJ-o-^ci^flg-rsysiiex^^i^^giHiSD i v 2;6^»«t b 
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[0 0 9 2] z.(oiti^^ ^"^^{zmi^mm^ti^^mt-r^ 

SIEbiitllHiiSSr D L L [allSD L L (D^ ^ -mmmnu D 

*itt:«IHI»(7:>^Saf^aS64:KiliBbT. v'V^n-^y^D 
R A M t> V ^ T « C ti^ -r A <75(g:JBam*{fc S: 0 -5 
Ztt^X^i>o 

[0 0 9 3] eJL±05516flMjj6^b*^<=>tL^^^ffl«i^W:. T 

(1) ^^T'/Uv^— h^— K^^LDL LlHlSS^iS 
X.6v^:/i5^ o-:^;;^DR AM^{C:fel/^T, DLLESSoy 

m^it^titLmm^Bi^xmrn-^-r. iEm.(oy'-^mti^< 

yrRxy^^'CLy^/<yyr\z^^'^x. ^ny^y^tim 
'=f-\zi6\-i:si/ xzyi^m^tf—'^mtiia^\zi^\1fhm:h 

[0 0 9 41 (2) JbiS (1) lliCj:!?. DLLEhISSX 
U^Cltt^'gtrv'V'^ D D R AM^(Dtli:tlttti|^ffl» 
tt^ScliU, ^xV^n-^>«iDR AM^r>v^rhi;li^^'& 
tp v^;^ X A o ssiSfk ^ 0 5 36^ -e # 5 V ^ 5 a 

[0 0 9 5] (3) JilB (1) XgRtJ« (2) Xl{C:*5t^ 
-^^^^ ]&tetii^3^<s/y^r <75m;/3MOS FETS:. iE 
^(Dv^-:^ ^-n^^ yyr ^r^^-r -5 P 5^ Y ^-^^/i-MSlU^ 
Nf^-^i^^/H/tti^MO S F ET^-?:n^*ix;^>Jr— /i^y 
•>>'L>hmi».U«S^2<OMOS F ET^. cnb<?>tij;t» 
MOSFET{c:^ix-e4x3fe^J?^1!8(cK«^ ibix. 

OMO S F E T*>b/jr^>||3S.tJ«t^4(DMO S F E T 
^ 52^ ^ n/c ^ JrM^ft -^-{ct;^ o T ^ ^•n^ltR^^ (c ^Sb 

> S ;i ^ -t? ^ 6 i: > 9 ^*^^^# b ti -5 o 
[0 0 9 6] (4) ±1S (3) Ig{cj:l9, i5^o-x>5^ft# 
^tti;t^7^-^5^^(DFa(OffifflSSr*e>JCffiffiLr, DLL 
lHlS&Rt/:itt^'&tfv'V:5^ D-:^;^DR AM^<otli;^ti[ti 

[0 0 9 7] (5) JbtB (1) JI/ji«,^L (4) ^JC*3V^ 
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{cg#^;t^^<h DLLlHlSSoiatitfcSlHlSS&CP 
tt:«[Hl!^ol!if^glS« Sr ^ n 5/ iJ^ S80Egi><7>- ^ -r 5 r 

[0 0 9 8 ] (6) JilS (5) v'ViJ^ n-:^>^ 

D R AM^ tM^r r ^Sr^tf^^:;^ X -^oig:?B»®;t?^k«r 
m^Z^b t^X^ %^tm 

[0 0 9 9] *«|q#{cJ:or/^^i^fc^!^^^ 

-TMARYfi, ^0^322lHl^4r'&ii>rlgjSO;»<^i;-7s/ 
^ ^:^;^D R AMli. X 8 h JSC^i X 3 2 f h^fi: 

[0100] ^a2^c:^^l^T. j'—i$^m:^>'<yyroB 
i^Lm:f3^<yyrvoB o-'Uob 1 5(DM:i^^fj:\o\^m 

[0101] 03 {C*5t^T. ^J5|glI^D I V 1 AXJ^D I 40 
<J:055o @4{CioVNr. MOS FETP 3fi.Z/N3/jr 

jcc 1 <75 h y ^ >if:^mtt. iin<r>m.^^t>-^ 

uoBcoMO s F E T p 3 5.t/N 3 ^^tpm;^^< :7 r 
U I B(7)^ D ^ C V 6 t>. m y ^< y 
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[0 10 2] J[^±(75^i3^T-|^. ±ti.X^^n^^\ZX-:> 

xfj:^inti^m^^(Dm^t^j:-:>tzmm^^mxh^-y>^ 

[01031 

l^m<Di^^] ^m\z.:}^\^^xm7r^^ix^^m<7>o^i^^ 
^ti:h<o{cxr>xmhti^i^^^mmz.nm-tti\t. t 

tcmm^Bi^xmrn^-r . iEm<Dy'-^mti^<y'7ri^xj^ 

[0 10 4] :iix{cJ:D. ^xx^:^/<'7y^ , laS^^^H 

'f—^mti^<yyrlSLXJ^i^^yi^^<yyr\c^t>'^. ^ 
^y^7^tfii^'=f-\z:$aii^^u y ^ m^- ty'-i^ 

SU. v^V^^ ci-:f-y^D R AM^t>v^r«:c:n«r'&tp^x;;^ 

[0 10 5] ilBi^^'^ n-f ;^D R AM«lC*5l.^T. ^ 

—^m:h^< yyr «r«fi^-r -5 P ^ >'^/i-S!S.O^N^ ^ 
>';^;/uMW*MOS F E T 4:;^ v bfclg 1 ^ 

U^m2(7>MOSFET^, b OtU;t?MO S F E T 

X ^ ^ix^*nSlRW(C*Sa^ $ttS1S«:(?5MO S F E T 

tth\z. ^^-miiLmti^<yyr(Dmtim^t\3\^<r> 

mmm-^izv^^x^ti^'timvimzmisbt ^ti^m»<7> 
[0106] y^:-mtefcbA/<2/7T&u^ 

t^^<yyr RV^^ ^yi^^<yyr (ommmn i^HtT 

hi) ^^if-thz^tt^xthtzisb. a y^m^-tmti 

"f-^ t<7:>m<DiiLn^i:^h{z&mi.x. m:hiSLnmM 
W<*Sr$ fe{::5fcSU, i^v^ o:^;^DR AM^tM>r« 

So 
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[0 1 0 7 ] iSBi^V^^ n:f;;^DRAM«{C*5l>r, D 

[0 10 8] rtttcj:^. 

l5]S8<0^®»f^S«E«rB»J«br. ^»:^^^l■:^;;^DRAM 

[01] wO^!q35«ig^*ttySi->'>'^ ci-:^j:^DRAM<?D 
[02] 0 1 (7:>ix>'^ p-:^;;^DR AMtT^-T^— 

>^ r (z>-i^j£fir.j^:^-r iHj^S0-e*> So 

[03] 0 lO^/'i^^ n-^;;^DR AM<7>^ n s/^/<3/:7 

[0 4] 0 3<75DL LlHlKoy^— 3gji£[51SS(0— Hffifi^iJ 
^^-ri«I[^0-CfcSo 

[05] 0 1 cov':^^^ o:?-::^DR AMO^ n s^^^ff§-a 

ife^'J ^/i^-rift 8^ 0 T- fe 5 c 
[06] 0 5Ofi^Sl»6O5ib, ^ y ^ ^^ISiX^mti 

[0 7] 0 5OeMSi^(Dp'^>, C2 5/i5rft-§-XU«tli;^ 

[081 0 1 CO-^^i^ a^;:^DR AMOD L LlHlSSOffi 
« D iJ^ S#(D-||Mj«r.j $:^-t-ft-§-St?g0T-*> -So 
[0 9] ro%8^{c5feS:oT*lS«!q#«d«IH«Lyh^^ 
n^x^DR AMO^ u ft-§^^U^ai;^T'— 

itSSS<^rK8^-t6itae)O-e?'J^.T^-rK8^0r*fc-5o 
[??#OK!^] 

SDRAM v'V'^ i3:^;;^DR AM, BANKO~B 

ANK 3 , MAR Y- ^ y r . WL-"7 

-KiS. B LT'--^^S^e>y hi^, B LB-iS^Gtr^/ h 
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Ku>^/<s^7r. RFC-y :7 1x3^5^ 3.r Ku>^>!7r>v 

B S ^ SIR IhI[». S A--feV>^r CD 

CA '-:*7Ar Ki^;5^^<s/:7t. AR - rKt^:^^ 
MR Y^^-i?::^^ ^ WA hTi^ 

-f^ MA YV'T:^:^. I B- •'r->$'A:t?^<2/7r , 
OB -7^— i^^fcti;^?^'^?/ :7r . cb ••^ o 5/^/< 5/ :7r, 

DLL DLLlsJSS, C L ^ y ®J»(h1SS, DQO 

-DQl 5 ••A:*7XW:tiJ*7'-^5'*>6i^M*-eoAtH*<S 

CLKB-SflEi^ci S/i5^ft-?-3lli^OA;'3iS^^. CSB 
'"f'S'T/illRft-i-Xtt^^^A**^. RASB-ar>r 

Ki^:^;^ h t3-:/ft-§-XJ^-e<7>A*iS^, CASB-:?^ 
^AT Ku;^;^ h D — :/ft-^Xli^oA;t?iS^, web 
...^^ h^^-'T^/uft-i-Xl^^coA:*^*^, dm-7^- 
i5^-7:5^^ft-§-Xl:3:^OA;^?SS^, D Q S •-t^-^^;?^ N o 
-:/ft-§-XI:i^OAtll^?iS-7-. ao-^a i -r Ku>^(t 

SCK*-«MttJ;^^ n ixiJrft-^. D O C •■•tti:^?»J 
»fs#, OL 1— OL 2 -m*^ S/^ft-i-o RDBO — 
RDB 1 5 ■ • y — Kt^— ^-'^j:^, uobo — uobis 
•••»ffifcti;^^'^5/^r , LTi'-LT2"-ffi;^7?/^, s 
CKT-#^^^ttj;^i5' D i^i^ft-t, sckb ••^Stefcti:* 

^c2 5.^ft-§-o DAl -DAS-^KitiilBEHligS, Bl- 
B2-/^$/:7r, D I V l—D I V2 l/'4^jlIlHj 
I^. DDL--y^-ai5£[sISS. PD-ffiffitfcg^lHlSS. C 

1^. NB I AS'-z-^^r r;^«;ffi, VD L-'srSaiJSIsI 

SS. DSCKT, DSCKB, DDSCK, DSCKT 
•••rtfflS^ a ENT, ENB, EN"->r^— :/ 

/i^m-^-o DUOB mttiiJ*/<s/:7r , DUIB 

-•^^-*firAA/<s/7T. ou t •••y^-mffiI±i*-'< 

5/:7rom::'3ft-^o P KG- 'Z-^i^^^r— chiP "4^ 

2it«^StS, A~C-e^SK. RT l-RT 2-i^iffiS 
St. Tl'-T2--'^s/>5r-^;^^95«S^ (^i^) , lFI 
~LF 2- y— K;7U— A, P 1 —P 2"/J?>'7^^ ^'iT 

-'^i/K, c B- -^<;^^Sc, RDB y — K^— ^J'/^;^. 

WDB hv^— :5'^^;^^o LTlout, LT2ou 

t '"tidt)'7 y'f'(Dmt)fS^'a c y p~c y r •••^ n 5/ iJr 
t c y u y^-^^ ^/U^^ M., tdl-- 
t d 6--3i5SS#Ffl, d o q --d o r ■•»ttl:^;'7^— PI 
•^P 6 •••Pf=--^ V^/UMO S F E T, N1~N5-N^ 
•y V^/l^MOS FET, VI— VM"-f CV 
1 — C V 5 n K'f>'>'^— ^, NA1'^NA2- 

-:^:xKy— NO 1 --NO 2 y ry— h > ci'-c 

3--gJ:, E SD--S-®t%@[HliK, VTT-"/<>^Si!am 
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[01] 

1 0:^X0 RAM(Oray»Dtm 



DQO 
0Q16 



»o[p*Lr^_iB_= 

1*6 qJL 08 



WDB0HIDB1E 



ROBO^RDBIB 



CKED- 

clktO* 

CLKBQ- 



DOC J[l^gfet,0L2 r 



CB DLL 



CSB 
RASB 
CASB 

WEB 
DM 

DOS 



CL 



MIR 

T 



-SCK* 



>BL.RL 
>-CL.CS 
>0L1.0L2 
>O0C 



CA 



cc 



T 



CL CS 



AR 



RL 

J_ 

RA 



SDRAM 



r — BANKS 
' -BANK2 
BANK1 



WA 



UA 



BANKO 



CD0*~CD1E« 



CD 


SA 


BLT 




7 — HC 








BLB 




MIARY 




WD 


RD 



FF 



RCi 



RFC 



BS 



=>BS0~BS3 



T 

BL 
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[@3] 



CKED 




OICKB 



olCKT 



I 

tt>H 

I B2 
-|-C>o* 



VOL 



DA2^> 



IB IAS 



DIV1 



BVG 



CP 



(Dbsp fkmwy 



ENT 

NA2V5 V6V7V8 




N02 V9 VA VB VC 
ENB 



<1/4> 



C1/4> 



DIV2 



DIOCT 



DDSCK 



PD 



DDL 



DLL 



DSCKT 



DSCKB 
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[S4] 



B4 y 5 -gglal«KP|Bl»at^ 



DOSCK 
A 



EN 
V 



DUIB 



DDL 



DUOB 




-ODSCKT 
-oDSCKB 



CV3 



CV4 
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[^61 

H6 <7a^ ^(a-^Rtfffl jjT^-^ g)imfeg«8ft 
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ims] 



gi8 DLL[Bi[»g)e-^3g?g ims^^y<^m 




^ tdl 



ICKT 
ICKB 
SCKB 
SCKT 

T2(DQ0~15} 



"4xtCY- 



DICKT 

DSCKB 
DSCKT 

DDSCK 



□□CIBCXXXXXIBC 

< td2 H 

eaitxxirjBaxx 

* — td3 — * 

Wtd4 

r 



1 



I 



h— td8 ► 



td4=td5 

4xtcy=td1-ftdM-td3s(td24td54td6}-td4=td24td6 
td6==td1-ftd3 



